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- o Much work has been done in recent yéars to improve oo
‘ the strength of titaniumsbase alloys. @itazzim has. great
potential value as an engineering metemal ‘“‘ause it has
- one of %hé‘fhighest ‘strenoth'-'%wwei:ght' ratids of materials
- Knowi %s&a}}{;_;_&g addlt:.on, disp"rays supera.or com‘osn.on
] : req:.stance under various operatlng conditions. Moreovex, T
ehe ex:.stence of an allotrop:.c transi omat:.on and the _
| . o ' concomltant posoibi].‘uie's for quench hardening have in‘..erested
- ] research woz_@kers_ engaged in alloy development.
) ~Previcus Work on the Ti-n System B
S ; Accordm‘, %o recent’ work l , the betasvo=alpha -
O _(b.,c ¥y to cop,n.) t*aﬁfs—formamo ir’x cdret:.ta.nium occurs . i
=y 1 i = © . _ ) -
’ ) at 882°S° - 1°g, It is known Lha* the oeta phase in pure
- . t:v.’oamum cazmot be mtained even bv an =-.vtreme’y apid guench
- ‘bo room -’c:empé-‘,fature, The same phenomenon is also encountered
f iz other pure metals, S'U.uh as zrfcor mn thaliium and 1ron,
N dowevcr “the im roductlon of alloying elements often makes
X - t’he" traﬁéfomat Lon o.f.‘ t"ze n1 h tcmperature phase so slugglsh :
‘L‘x o ’ %‘nat k-3 portlon o2 all of this p‘ld.se is ‘vepained on quenching |
) or even-slow ‘éOdi::'_mg& This behavior is typical of titanium.
’ . , N : |
: wtively st the back of the réport
- - ’ iy
(b - . : -
& . Research Division, New York Uaiversity
- : . T o~ L.
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A mmber of el en

ents

ower the %ransxomtlon ex};perature ’

of sbe‘ba mtam_um and tend to qtabihze this phase. mong

copper (5) s iron {6), manganese (7)

_these e.Lement@ are columblum (2); cobalt (3), chrom:um (h) :

» mcly’bdenum (&je mckelﬁ

{8}, silicon (9), tantaium \l), vanadlmn (10) 5 tungsten n

tand zn.rcon:.mn (ll) s

e

Lo .

F:Lgure 1, based on Battelle (12) cata, shows the offect of

homogemzz,ng temperatures on harcxness of ylbaniwn alloys

‘contalmng up to 104 rr;a.nga.hese° Greatest hardem.ng is obta:med

on quenchlng i‘rom

700 °E’ \ab mlc.m

,:aeveloping»;Eg’gm}xn;_ha'rdnesg ;I

manganeqe a.nd chromlmn alloys,

S 7‘*“Adltion of the betaas ab:.lm:mg elements,, manganeﬂé

oamd chrom uu..x.um, has urouuceu 1:1'{231’111‘1!(1 alloys wiic n quencn harden, o

& _‘5 jtme a...L alloys used

n addition, Table 1 \12) ShOWS

1, Effect of Quenc 1ing wmpela'cure on

- the effect of quench:.ng temperatures on the i‘lnal hardness oi“

Rl _ i

= P T TR mﬂ@wm?&’&

B o 11 P T S
- — = .'.;:!.'3,5
e Hardness of Tiw=Mn and Ti=Cr Alloys
- m>w.s,x<r=;s. Hardness: Number
Comnos:n:c:.on Homogenized ot 980°7 for 10 min_
ing in argon a.'meSph:,re , .
] - Quenched in cold  Quenched in liquid
iy water (0°C,) nitrogen (=196°C,)
1.8 - 268 218
3.5 I 383
5.0 i3 Shly
0.0 351 381
Cr ,
, 25 35 3al -
‘ 3.5 32 368
5.0 332 5ho
10,0 324 356
i5 0 322 3-‘-’4
. o == \
’ o S ﬁéggargh Divasion, New York Univegsity

A T o R s
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|- From Table 1, the effect o.: queriching in liquid
Z o® SR m:brogen,seemq tn be srnllar '.'Ll’; both “&.he :..=Mn and "‘5’."01;
% - T ; 's_ystemsa Maximum hardness of a,Lmost |den’c1ca1 '-'ralue occurs
if_l_'%he 5% alloy of each sy:s-tem. It is of interest to -not'e
‘thab the 5% alloys are the only ones to show an extensive |
increase i—ﬁs-ﬁar&ﬁe‘ss between the cold water quench and
| : - l:.quld m.trc»gen quem’:ﬁ daﬁ-.. S-imila,rf__chaﬁges; 1n ha‘rdnes;s;.—;~';'; P
; ) ” = ) 'Er;\..:;;‘,;pwi%i' apa nepatlve , were observed :Ln beth systems ;
L . ‘ for manganﬁse or chrom.um combent above ang belaw five |
Wo- IS -
i 5 percent ., ~ - R
It' is also inte’r.@st,ing,to note that age hardening B
) B | ;ccurs in the Tl-l"Jn alloys on c.rmeallng =t ‘:'ue alpha=veba :
S ' field and_ghat hlgheat ‘hardhess. d'nong the all@y_sf 1isted is ’
E ] - . mat@alnec}_ in the 5% Mn a}lq_y_o This is showm in Fig, 2, (12}, -
} T hich sumarizes the iséth:c'xfnal ﬁrazusgolmation data obtained '
h A‘ : i '-with ‘I‘:ia»Mn ..ail;c‘;ysu homo:r.é.nized at '950'9'0' fnr 10 'mj.'r_zgrtg_'@s in an . . :
E ) k argon atmospnere and quenchcd into a lead bw“_ at 350 ¥ :3'.°.c'\,g
i - i "'I'h_e titeniumerich Ti=Mn equlllbrlumdlagrém i
E I . tg;’gn_ined at Ba*tell {7 is reprooﬁ' ed hére ag Fige 3.
\g : 'I‘he main features Qf this partlal equilibrium disgram ars
l\é _ '3'. thaﬁ' ij,he B fré,nsus ;'z;me d‘éc—reases continuously with i-nereasing
E - Mn content, the amount of s_q;_‘ﬁ“g’. 13ty of Mn in G phase is quite
T;E g - -t - limited; and t:here' is some ovidencé of the existence of a ,
g - . eutectoid rea_c;’bigz}?.__, i
; - _, #3= )
:FS_ . Research .Divuls'i-éx-:_, ?‘;lew York Dfpl‘zf-ersu,
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I ~ E i oo The Tl-Mn Qucnchaﬁardening Reaction

g U

t; T o o 'l’he occurirence of gquench harde:: 'Lng in the Ti=Mn

VA

EAdRLY
1

prees

TR

ot

w, -
s 1= s e g,

sg:.f *‘:—::—:j —_- -_—...-,H:Im‘-,.... I el e e tot™

'Ii;:; ' Wassemann { 13) in Jé‘,he compos:t.t on range from 11¢9 to 12 J% A}.
%_"' ,.«*rure ig shows the copper= mch ‘portion of the Cu-Al vequ::.l:.brlum
i .

N d:i.agram. -con’camm_ng t-he eutechoid rscfﬂ‘npo‘si‘ts:i.c_)z'sa The high temperam

3

SORDY ey A 111 =L g

systém has been acxeqaate- y substantiated in the present "

CoDohs), and (b) he simmlar:.ty ex:.smng between ‘the Ti=Mn

phase dlagram and other alloy systems. ) : ;
{a) 'G“onsidezationﬂqf. the b_o-cz.:c@ -‘b@.cj.p..;ho_a_tzta:;S.fomaticna

AT Y i memngede oen Sl mee Lo
d.L.LOJ SYSTEMS Snow UX &u

NOu *lau,y atlons J.:Lce uhe

bé.‘i';ait'o-alpha transformation in tltammn, The most ex%e_p_s__iizeiyﬁ

studied oy~tem was the Cu«-Al system £3 *qt inves 1ga%ed- by

ture phase,” g, “"’ﬂ:“ﬂ*“m. .m*_;o 2 structwre of @ + & on slow

e m e s Ere e R - T

Wol:...s, but when rapidiy ‘rveoled, transfcorms to B“'through a

martensitic transformation, The g4 phase, dc emined later (lh),

g = literature Sm”"v“'e&; To is the purpose of the present
;’f B J.nvesmgation, theréefors; to stud;f ‘i}he ‘conditions under
F - " _#hich such har.deru,ng occurs_" and to determine théfme.clr}a'nism 1 y
a rlying 'bhat ,-..aV'iéi?g ) ) i , .
;’g_ e ‘ = T‘inc transformation it Ti- 1'n1~~u11u:ya can be consideved
o "gn the basis 'o'f (a-) structural al'ﬁeration (from b.c.cs 10

Xg shows a dlstorted c,p.,h, si',r'uctu::'e¢9 .;
[N, 34 2 - = e - I e s T e me Al S — —
R{;‘%’; Wasseman sugo'cqted that the phage transformation .. ;
£ - around g eutsetoid composition vas as ﬁc‘)lloﬁsg :
B ; . S
{ : “Upon. "rapid" cooling from the g field (Fig. H,),,, ,
{ :
§ p (disordéred b.c.c.) = 1 (ordered D o@eCo) —> g t(distorted c.pohe) 4
5 and‘upe- eheatlng, g '31 * a+85 - By i
o ‘ =l ' - i :
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h . - and that the B 3_4-(3 1 'brans‘fa;‘ﬁatlon Was . comule _-pye';si hise,.

P 4 Later, Kurc’awnow and Stelletz}'u (15) amcovered a ne.-r , -
; | S

: I 'martw.gitiﬁ lattics };a_'ving & crystal structure dlfferent. fram

5 that of g' and which they desig gnatedy ¥, Accordn.'ng to them, .
-L;'-— - PRSP V -t a el J-All;- -

- opf rosulted ‘rcm ra p.ld cooling of alloys containing between

L’ = ! 12.9' and 13 J% Al, and ‘Y" only from alloys above 13.1% Al.
S _ I

. I '*m.croscoplc Work Stowed the mena.l..!.ogx‘apnlc structure of B T T
to be almost.__ni-den‘i:.lc.a..r'wit-g % the on y cufference be:n.no o :

that ! "needles" often contained apparent tw:.n bands,

Klier and Grymko (16) recpn'bly made a microstructural

T

S , study of this tramfomatlon and clamfled the seguence of the i '
B c s =7 - - . R e o & oo o .
- .
i | decomposa.tlon of B (orp ). The 1sothe‘-mal trans*‘o rmations I T
: Q at or below eutectoma t'emné a m‘ﬂ?,, in %,l*g;ei.-l.._'} 5% 41 specimsns '
N , . -
) | . ... - ~ N S Wy Lt e
; A A T a.nvestigated showed that twordistinet reactions occu:@e R .
5 The first reaci‘;-iori resulted in the .f.‘ormat.lon of an acicular
Z " preclpltaue buu the structure. was not stable, and on further }
¥ ' :
% %holdiﬁg*" at that tempersturs,” was Si;bjeét ‘to a second reacision | I
£ - : of apglomeration and growth. The~nesultmg, ~stm.m*t.uma_mnde:_:;,wgr,nt._ —
. no Lurbher charige during continued isothermal hoj.cl:mg
v 1 ) After Quenching from the isothermal. .anneaZL, pri‘or;
N7 ' te the st W’a of the 1rst reactlon, the soructure as quenched
= ‘wag y! m’oh ossible traces of B, TFor longer a.nneal‘.ng
; ' times; through the course oi‘ the first reaction-,, the .si;ﬂzctagre
i in the quenched specimen became a mlzd;ure of ¥? and B¥, This
, _ - - _ S
-; .iuS-gm ' |
:!'
s
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' characteristic conggggi%ipn’, Klier and Geynko poinfed owt

and BT 4o pt

.

mea.nt that th@ vt revealed was not orlgn.nal ma'er.x *{1 bu*r,

B =S st

ra’bher, .because of ’cn formation of ‘-:,he 1arge amount ofia 'y

'bhe y' formed was of '1ecess:Lt,,r rich in 91. The y? was next

replaced by 5 anq 'Ehe s*'rum,ure was th@ﬂ ﬁ any 5_', For

'ther fully transmmea a.u.oy, the structure was compcaed of

,o e e i e R e et )

e = v—— V4 ‘\. -~
= Eihce BQVaA {_‘." and ‘ .?.QI'!"EG.— from Pl oY oo -

'-t;ﬁat the ét;ﬁueturés from the firét reaction bei‘orn queachlng
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1 of %wo comp osrblons, namely, 53;, (Iﬁ:ri:ch% :

and p

F

(.A;ledé_pleted)-,, When quenchea, pl transi'ormed te Y

@

"

2]

On slow eooling, Bl became enri °d in Al 'bo-

~ the point where it cculcg prccip:f.v ate as § . The p:eec1p1‘u ation

oL 5 d pler,ed The By of ALy te the. point. siete. @ Gould T

precipitate; the final structure then being madé up of §

and o ., The sequéhce was as i‘.ollowsﬁ

'}6 # (a) (slow cool, :mg)

/ 7~ \%s-> v!  f(on qgenching)'

\ ’//9 a + (5) :(:sji.ow coéﬁnéi’)
51..,"“._ o )
e—— B {on quenching).

4

’  As found by YTsaitschem, Kaminsky, ‘and Kurdjumow (Ih),
4! is a c.psh, structure with an ordered amangem:ehﬁ of atoms,

“p? differs from y? in that Th e f0001) direction is at an angle
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f féf 2° to the (OO‘O]:) prane nomal,. and the angle between
k- . ;
7 the plane (lOlO) and (0110‘» ¥ffers about 1° from 120°
é The writeds also 1nd1cated that ¥ can be tvansfom'ed to ‘
B ‘ |
E y? by mechanicel deformatlon, stating that "””....after o .
? ' " defs rmation, gome 1mcs on. 'the Detye pattern of "f phase
o merge together, glv:;ngA _broad liness tne new l:me SJstem
‘_;___'. i R - becomes analogous Yo the line sys tem of the y¥ phc.se"
i é ' The orientation rela’clonshlp between g, and Y' as. “‘-‘ '
f
found by Gremngev (1.7) ma,f be defined crystallographically
. 3
= . . . - ) - - !
%r‘ as o llo"sf . v . o : . : S :
B ‘ ’ T X
- B S —--gooon) ., (Re), \ _,
. Eo : — . - e S Br a
7 , o foxder ) pum) I
:- U Et:; '~I~¢~ R o - 1 e ) __M—— Kk g o o ‘,Y\' . 5 PR M@k;uj Stae Aneeme 00V s x s . © v: I.~ ;
i § : ’ | S toool). & (aa1) =L ' |
L L = = . ¥ Pa |
x2 .
A —_— .
B I _ [oaze) ~— {f fm1] ). |
N LS S S PR i
%;T I Al anc. nere are 1n Hwin 16La‘(‘10ﬁ§:'1’j§ with the {',‘_ij_l)
*( I fp_,],-ané of' A as the tw.um:.ﬁg plane, S:x.nce t is of a ps\.udOw )
5 1 1 B
= S hexagena.l framework, as mentloned nrenouqu 1ts orientation ¥
9 £4 » ;
\" x| | (
”\ “fg f rélationship (.n... ) can only be approximately rep-resente-d ase '
S (ooon), s (o) = e |
= ' ° I - - to o i3
~ D , [1010] I [111]
e o ' gt Bz ’ .
j In addition, the habit planc as dctermlned by Gremnger {17)
= : i's«(um)p lfc;:’r g! and (,,2,21)[31 for y! in the transformations
é?u
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From a stud:/ of the orlennatlon relat:.ovshxp, burgers (28)

has prapose& '?az tne malbbuaLuw transf-_, ation occurﬂ 1n

-Zr by a heterognnaous shear on the system (112) {111]. %The

o v -

rrystallographlc pmncz.ple underlymg his proposal is that

iguration of atoms in the {112y nlane of ab c.,c.,

" gtructure 1« exactly 'E-h_é same as that in the (101@‘:) pl—ane-

oi‘ a c.p.h suructure based on the samg atom:u radius

Thus a clase-»packed hexaoonal str ncture can be built wp
h)

' from a b “Ce svruc.u.ure simply by displacin_g‘ the (112)

The hablt xalane resulting from thls mechanism Wouch%e..A-_'

.planes' :e\ _~t; ve to each other,e Tlns mccha.rusm eadb

= ) PR - » vp o e

oxie ntat:.ons that can be doscnbed by the :c'e],aﬂ;:g.on°

" 7 Ta : | (o001
c (hg'b.:c-_.}_co 100 o,

e 5“1 %] C.Prolh

AN M ARt R R ———

.automtlcal .y be the (112) plane¢ I_cweuer, tlne hab1+ plane

fbund, by 80%162(19) in the b,c.c. to c.m he-transformation

in Li is a plane bearing Miller indices of the. il ¥ type. |

Anothe_‘r‘ possible mec_hahism- Dpresented by Burgers
{18) is that tho structural transformation from bsc,c. to

c.p.h. could have an intérmediate f.c,c, transition lattice,

-8~
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The phase transfom;atien in zirconiwn is another |
e:f.é.mﬂe of the m::si‘:r“ut:.u“. Crom-buesen b8 cn by structure. ] r
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The s‘éﬁ;ctﬁije_il cycle can bé briefly illustrated as f£iii.ds
b eCoCe > f sCoCy (}3 ﬂbfassz.z%"»a ==‘braSS)

Ea o - i e

), e, [ C0002)
or ey, ) el 0 T

Bowles (19) reported that the habit plume of

i -SSR & 17) LI S & 5 5 5 - )
¥ - .;ﬂ_:‘—;- N0 ,--. 2 -:— LI 1 i - b"lc-a'c‘. h f_oQ;@G'g
[y, - [1103 I
== P oecno R SR Lo s T & R wéc_evw-' -’-ococe )
£eCoCo = copche - (B =Co .3 gw=Co) |
‘ (111 §  (ooon) oo
. : (—“L r,f ,c,cb ﬂ k ' (’g:_?ihi - 7 ’,
SR 1 I [ £ S o
) £ty | "CePohe g
Thusgntbe net transformatl h w:ill bes - —
i _~-—-:-*f=u» Culy _='>' c,p Tae o~ ' B T - - :
(2103 I (ooon) : -
-: — : PO . (“--.‘I)*o! :;q_c;-g%-:“’ ',(" ) -.'?7 "é_l.;‘__.hh R, < - 1“1
T ':E,ll:?‘ltboc.ﬁeze ” [m®] c::‘?P=h-;
wh:.cﬁ_l—s_i;ﬁ::a;ne as a;s_ ,]‘U.Shu g:.ven for thc case of Zr_
. _ Wee__x—:«_;s- Q.QQ) reported tvhat the epsilon ~pha,-$e o 1
trang *?‘M?maui on in the Ag=Zn system also had a b.c, & O
h.c,po structura;. alte“a.tlon with the ;E‘ollew:. relsg ti ship's’ 1

martens1t1c 'bransfermat_‘fgn in a b c,ce matrix was located
-°§"°
T T ) ) a Ressar h J*v1.>1on New York Umi
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. | mo‘si't{ly in 'bhe vicin-ity of someé rﬁingr pla,hg_,_s with 1ndlc§s - b .
- ) cor‘reﬂﬁﬂ"dz,_ z to{ Lkl }g No satisfactory theoretical _ T T: E
_ — explana‘blon has been offe”ed for thls cbservation, = ]
(o - c:#;s.-‘@emj:ﬁidn_ of the g:;mnlam@l between phase :éiagz-'-am_s? ;
The quenching of ironsrich Fe-Ni iloys from the ;
{ high temperature gamma field (f.c.c. structure), Fig. 3, .
. | as first reported bj} Owen and Sully -'(.21).:, produced & distorted 3
E _ alpha stricvure {a%)s They observed that, after quénching ‘
o " fxom 800°C a completely distorted alpha,at, structurc was o -
| presen‘b :m alloys of Ni content from 2.96 to 23 .32 atomic ‘
percent and co-existed with mevsined gama in alloys from
27.12 %o 30463 ai;c'micﬁ 2 Nlc ‘I‘;;e lines in the i;r-j;'@ at fi;j.&_e‘:‘;zén' _
. - »pa«ﬁterr% of ¢! are different from .t.ho's;é'_:éf &g iﬂ'—~frﬂaé--fhh?%' are. _ ’
rrnuc':!'x, broader , the §310) doublet of at t{:rith Co radlatlon asually '
being upi’?esolveé and difi"u'se,, Th_e': material was obviously nob
. in équilﬁ,bzi'wﬁ-s and the lai;"i:ice- was 'c.oﬁé’idérably 7d15:t'ogﬁt.e_dq
t It was this distorted structure { ot} vhich was
. unfamllar ;hg Osmond and Gactand (22) a.nd led thém ‘b,rc} speculate «
that a sz_mpie le*-teﬁt—éid‘ Yeaction -e:r?is'%edi in the Fe»Ni . | I
) ,eguilibrium diagr.axn;.. Also 9 t‘ns s dlsterted st*‘uc.'.:z'e, al )
) was ues:.gnated as martens:.t.t_a_}g._,[_;{anson and Freeman { o
; gwin'g to itg resemblance to the martensite im carbon steel., _ | ‘
J | Later, Owen {2h) s bazed on his observations on meteorites; T \
-10-
- Res-earch Division, New York University
]
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ﬁ e Ly L
Z _ -des,é:ri:beéi o' as ",,..a supersaturated alpha s 1314 sclution
T ° . i e
;f - h of Ni 1ron in w.xich there w111 be J_n’cernal stresses caused.v'
;%‘ - , ~ by the di Lstortion of the’crystal Lattice omng 10 the excess
% ) of 'Ni,.:“-.,..f Such materisl-is in a.ti unstable condition,
é nnd if hm‘hnd to moderate bemnnratu;res will ,.e,parat;-s :‘;n'bs
g the stable components, kanar'lt«a and taenite, as f‘ound in
g J- metedrites. ' - s )
‘t ¥ ) The iroh=rich porbion of fhe Fe-Mn equilibriwm -
l" i dlagram has phasc bounds;;y— l:nes 51m11ar to tl'ru_)s—ef ;n *1 -
ﬁ H 7 7:" Tn,.-Mi_'i' 'S'Ys’oem (Fig., 6)., As shoim by 'Troiaﬁo and Mch,re (25),
) " the gamma fp‘x’-;ansforn{ation in the Fe«Mn system occrt:.:rs m almost
4 00 ] the "Sqmei-;'qaimerfas t,l{at in the beta.-eutectdid 'CusAil -system;,‘
3 R , = : ""‘"“n‘se'-‘ihfg‘t;ﬁ‘iched o _room tem Tanura i A’Bie‘ ganina trmsf‘smed
G A " %o gl of the Saiie Gomposition and thueﬂsmos;a_tm of-.a;“:r:med o
_r . | dlrectly with the ameunt of f,amna originallv pres elx’ca,' 'The
: ) 3 _- a? xlva.s also“ cﬁaracterlzcd by dli‘fuse llnes dlsplaced 50 as
1 ’ ._- -_—%ibho 1;xd1cate an abnornally large 1a:t'tlce pa;a..“e\.mei':er.a I.f_‘h'e_ fslji’-l?_;
B I ' ¥=ray pattern revealed the presence of two alpha so'-],.utifd‘ps',
namely, eguilibriim alpha with sharp linés, -and supersaturated
’-.'\ , alpha with dlffusc 1lines, -G‘a_m’rﬁa of approximately 3 to 15
\l\ﬁ El ahomic percent Mn gave an X«ray diffraction pattern correspondlng
A ‘ < to ‘thé lines of the supefsatu:aned alplra phase
- - Gamma of approximately 13 to 30 atomic peicent Mn in
- o i Uiz Fe=iin s_ ystem formed the unstable epsllon phase (c.p‘,h.)
T : R ;11; o
{ o T — | - Research D'l'v‘i:ion Ne;w York [jnlvers1ty
pwm—s mmeer snomam T ol D e T T T T T T T T T T N T T LT T T B
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1 T LT T T T o . S
: . £
%’ { J _
i e e —— — =i — .
7 _ .durlng quenchlng,, The ‘quenching uemperature and spesimen
g . -N | _-size, apparentl{r influenced um “amom:* of ensg,lcm p}a_@ " R
’ ;‘omatlo'n, In gener al; _t‘hel_r'h?;gue:‘-_me quenching temperature
3 o I and :Ithe' i_a;ig,er the speciinge;rg the -gres;ter -",-ié._s. the am@un‘c' of. -
; i S ) épgﬂon 'aha'Se fémé&, 'Hc_b;,qé-,\_ml} s un,_d_e,r," no ceﬁdltlons Wa°
T v eps.lon ooserved be.l.ow apprommately 10 and;, above 26 atomic
! : percen‘b Ma, ’
| ‘ The transformatlon temperatures of y - ot and
ig R B ?*-":5__ are 1ndependen§?mé coéilné_;~;:¢.: ’Fﬁegy I “
présence. xof multiple ’ow:i.i-nalike str}icture in s éiétingufisnes*
A ° its micno_sﬁructﬁre from‘ the « phase, | ;
( ’ Bor,h ¢ and vebained ¥ dehonpose é[ur:.ng cold-rolling,
T b m alloys of 1062 to 13,00% Mn, the y retainéd after quenching *
Y__ - \ } | ) ’b?au.Sf(.DI;'.‘ued' al*r;;s‘o enure;!:y 'tv,o ;upox";at;;;;ciﬁ aim;,n.th a tracefmp | |
] e T of & -t?)ha'se-. Alloye of 15.2h to 16..-,,?&%' ¥e showed appro;ﬁ;‘ma%‘lfy"
A ' - 1 equal amounts of only Y gnd E after qnenchmg At an 1nte- —
T mediate- stage of '.d;efomatlony only & with a small amcunt of ,
g . at wa,_s: i;nzej:seﬁt,_ while -‘after severe deformation, the Debye A ;
5 pattern indicated the structure to consist almoést entirely of
"‘% . a? with only traces of g, The large amount of additional gf
% - S could have been f’“c?med e’ﬁ_y from the deéompos‘iti‘oﬁ of & o
f o ‘  Duwez (26) also Found the supersaturated alpha
E ) ; structure, at, in the Ti=Mo system by means of Y-ray diffraction
i patterns. He found it in Ti-Mo alloys of up to 12% Mo, after :
N
l; A ] . Besearch Division, Ne\;r York University
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o orcimata .l.l ' él-‘ roon nemporaturc,

-=homoggniéiﬂg ab’ 980°C fe» 2h hours and -Quenchi- fram the

i beta fie 1@6 fl:r.y :pai'.'t.i:r'.fal 'f;zzans.‘u‘.cmati-on occured from aboub

do

ki teo 122 Mo, wh:u.e, above 12% Mo, the B structure was reﬁa,ined

N

4180, a.u:hough *the temucvature of 'bhe allotronic tramfoma‘bz.on

=3

V\

«...

w3

wre T decreased progrossively from 882°C o aboufs 850°C

e

w::’oh 1ncreas:.ng rates of coollng from L° to 10,000° per- sec.,

B

the €oo 1ng rane had ro eﬁ‘ect on the temcraturc o.t trans-

= = a
- v

xomatlon of 53 phc..se 1nto a' (cmrve M in F.Lg, 7)0 He suggests

—— = 50 Soes e A B e

‘bhe reterrtloﬂ of B at room ucmnerature mlg,ht be. emla,.i.ned

on the baqz.s of curve M, Plp:e s © exbrapo'ated to the 12% Mo

e %

e

In alloys shomng a transformcd a stmcture 3 Duwcz

reported that the dlffuseness of the llnes ccz':espendlug 'bo

P
v e W s e

a3 st rucc.ure dld not’ permlt hlm to determlnc the lattice

narameter of at structure m.th any deg es of certaam'i‘,;y’°

Sunllar ocservatlons have becn reported {'m' +’hr= Fe~li (21)

NN b . - Sl

system, vaiousljr;, fo ardunit of annealing will. mprov’ré the

diffuse lines of &9 introduced during quenching, since

: arinealing muld caise decomposition of the oft,

& : Hansén and hig "611&135_1—‘.&11:01‘:@ (2) were umable to
differentiate b‘é’gweér;_ the tiansf.éﬁme@ structure (q¥) and

1soth@rma1 Q structure on +"1e basis of ¥-tray ulffraction

4 T e s

pavi;temr:s‘e ?\Yever“bneless 5 the equilibr:.- M3 phase in th@-

-'TiuMo system will transform dumng quenching partially or
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LT ‘vithin definite compn.s:t:.o lir"rﬁ;ts._ I would be reasonable

- 1o expect th:.s metastable af structure to play an inpsriant { -

S ro].e in the quonchehard@nlng mechanism.

The a,l],’o‘t? systems Pe=ii, Fe»’VIn and Ti»Mo discussed

|
i

',  “above have ‘*he ‘same t“‘pe of eqmlbrl’*‘m d:.agram SR

[ e IS A e L LI

Col_matal end 28 o8 the Ti-ricii-Ti-Ma 53 jatem,  Their quenching

s ‘ e — s e S [ A . j : )

products also appear to be rei@te‘d :c...ose.:.y by the mm:ﬂ.amty

‘ i of their -‘eq.uili;b:’:‘iim diagrams and this view can be. cven

‘exhended to the eutectmdu-bype eqml:.br:.u. ‘agrams of Cu=Al

b @ -=eu‘i:ect.o£’t) a.nd Feec systems,. isltbough the structoral

1 transformation in t.he Fe=Ni and Fesin- systens is. ﬂ*om few CoCe ' b

: 7 00 b. cecc, ‘the cbange in the Tlan system is from b.c.c. 0 I

i T ol BoPalte 'Tﬁ'"e"’Ti;}b -sys‘.tcm,ﬂ?ihow;éﬁzéx“ s which ‘.e;;hibits“"bhe_- same -}

’ ' - =

— & structural chas ange as does the Ti=-Mn system, alge shows the

same quenching prod‘@cﬁ appearing in the Cu~AL ( B «aeut-eeiéia‘_)f '

. o . s -

) systefas - _ - i i Z

; . S Snmmary B - : -

The nature of martensitic iazgansfomaﬁ:-‘lon is such
tFat :?,t" does niot Pequire -r?e'—adju_stment of thée conecen .,ratién :
ai‘ the dlloymg :1.ngredlenu$;-§ Le8sy It 15 @ dlffusn.onless Lype
‘ ; =oi_-‘ reaction and the extent of the *‘ea.ctﬂ.on usual.Ly :1.s an

’ inverse function of the Peaction temperature., The martensitic }

’cransformatlon produces a mestastable transition suructure,
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From the evidence presented, t quench:.ng

1M Q*rstem would seem to be of the

transformation in the T

ﬁ@*%eﬁ'-"tic 1:3;13?;.s Howevor s the form of the transition

structire and the possible methanism by wiich it is generated

mll have to be determined experlmentally,
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